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Abstract 
There is a mathematical relationship between the transient electromagnetic diffusion equation in electric media and 
the wave equation. Thus, pseudo-seismic migration imaging is possible. However, the pseudo-seismic wavelets 
associated with the transformed data show a broaden waveform for increasing physical times. This phenomenon 
causes the resolution of the subsurface image to degrade and consequently limit the arrears of application for the 
Transient Electromagnetic Method (TEM). Horizontal resolution can be improved, certainly, through the technique of 
synthetic aperture algorithm. We developed a TEM pulse compression technique based on previous research in order 
to improve the vertical resolution. The result of synthetic model shows that the vertical resolution is improved after 
processing the synthetic aperture data with the pulse compression technique. 
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1. Introduction 
Transient Electromagnetic Method (TEM) has been widely used in resources exploration and 
engineering prospecting, and plays an important role in the development of national economy. Thought, 
there are many efficient forward-modeling TEM algorithms have been developed during the years, the 
widely used inversion method is also the 1-D inversion.  
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With the increase of prospecting demand, the traditional exploration methods are hard to meet the 
needs of the project. So a new method of interpretation is urgently required. With the purposed of wave-
field transform algorithm, the pseudo-seismic approach to TEM inversion has developed rapidly during 
the recent years. The best result is proposed by Li Xiu and his teams. They have published series papers 
about the wave field transformation and migration imaging (Li Xiu, 2005; Li Xiu, 2010; Zhang Jun, et al, 
2010; Zhu Hongwei et al, 2010). After that, a new TEM synthetic aperture algorithm is realized learning 
from synthetic aperture radar (Liu Yinai, 2010), resolutions are improved clearly. 
Based on the forward research and analogy with seismic processing, a new strategy is proposed where 
the effect of the broadening of the pseudo-seismic waveforms are compensated by employing TEM Pulse 
compression technique. The potential of this inversion method to give high resolution 3D TEM images 
has been demonstrated employing survey data. 
2. Wave Field Transform of TEM 
Lavrent’ev (1980) studied the relationship between the diffusion equation and wave equation. A 
mathematical transformation is given between both equations (see Eq. 1). The inversion transformation is 
a Fredhlom Integral equation of the 1st kind, and can be solved by regularization method. 
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Where Hm is the transient diffusion field and U (Ĳ) represents the pseudo-seismic wave field with a 
velocity
PV
1 . The parameter Ĳ is a time-like variable with dimension square root of time and is 
independent of the spatial coordinates. 
Take the three-layer model as an example. The parameters are, ȡ1=5ȍ.m, ȡ2=100ȍ.m, ȡ3=5ȍ.m. The 
result of the wave field inversion transformation is shown in Fig. 1. 
 
 
Fig. 1.   The wave field inversion transformation result of H-type model 
3. TEM synthetic aperture imaging 
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The signal of TEM differential conductance is similar to that of radar, so we can regard U (Ĳ) as the 
received signal. Then the TEM synthetic aperture imaging can be achieved by means of synthetic aperture 
radar s/W . 
After calculation of wave field transformation, we can acquire the signal of each point. The 
experiments show that the wave data collected from the same anomalous body is correlative. Therefore, 
using the relevant overlay approach to synthetic aperture is feasible. The synthetic aperture process is 
shown in Fig. 2. 
 
 
Fig. 2 .  The schematic diagram of synthetic aperture process 
Take the model (as shown in Fig. 3) as an example. The parameters of the model are as follows. The 
resistivity of homogeneous half-space is ȡ1= 50ȍ.m, and the resistivity of the anomalies is ȡ2=5ȍ.m, the 
size of the block is 40m×40m×50m. After wave field transformation and migration imaging processing, 
aperture imaging is shown in Figure (4). Synthetic aperture imaging method is effective to distinguish 
abnormal body boundaries, but due to the broadening effect of the wave field, it is poor to distinguish the 
bottom boundary of the abnormal body. 
 
 
Fig. 3 .   The model and survey line diagrammatic drawing 
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4. TEM pulse compression technique 
Pulse compression technique (PSD) has been widely used in SAR. Learn from this, we treat the TEM 
signal as the input signal ȟt and the desired output as narrow pulse dt Then design a deconvolution 
operator bt. The actual output yt is a convolution of input and the operator, shows as equation (2). Error 
energy function can be established and the deconvolution function (see Eq.3) can be worked out by 
calculating the minimum of this function. 
 
 
Fig. 4.    The imaging of synthetic aperture 
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Take the input and the desired output into Eq. 4, a pulse compression function can be written as 
below. 
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The result of the synthetic data after pulse compression processing is shown in Fig.5. Comparing with 
Fig.4 and Fig.5, the vertical resolution is improved effectively. 
5. Conclusions 
TEM pseudo-seismic interpolation can be possible based on wave field transformation. Wave field 
transformation algorithm is the basic foundation theory for TEM pseudo seismic imaging. 
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TEM pulse compression technique can be used according to the theory of PSD. Through numerical 
experiment and imaging compression, vertical resolutions are highly improved under the pulse 
compression technique. 
The results are important for further promotion of TEM both in resource and engineering detection. 
 
Fig. 5.   Result of pulse compression processing 
6. Acknowledgments 
The authors would like to show grateful thanks to the support from the National Natural Science 
Foundation of China (40774066) and the Coverage area of mineral resources prediction and results 
summary (1212011085468).  
References 
[1] Xue Guoqiang, Li Xue, Di Qingyun. The progress of TEM in theory and application. Progress in Geophysics 2007; 22(4): 
1195-1200 (in Chinese). 
[2] Li Xue. An optimize method for transient electromagnetic field wave field conversion. Chinese J. Geophysics 2005; 
48(5):1185-1190 (in Chinese). 
[3] Li Xue, Qi Zhipeng, Xue Guoqiang et al. Three dimensional curved surface continuation image based on TEM pseudo wave-
field. Chinese J. Geophysics 2010;53(12):  3005-3011 (in Chinese). 
[4] Zhang Jun, Li Xue, Zhao Yin et al. A technology research of high-resolution imaging for the transient electromagnetic pseudo 
wave field. Progress in Geophysics 2011;26 (3): 1077-1084 (in Chinese). 
[5] Zhu Hongwei, Li Xue, Zhang Jun et al. Information collecting technology in 3-D pseudo-seismic imaging of transient 
electromagnetics. Progress in Geophysics 2010; 25(5): 1648-1656 (in Chinese).  
[6] Liu Yinai. Study about synthetic-aperture technology in transient electromagnetic migration imaging. Xi’an: Chang’an 
University; 2010 (in Chinese). 
[7] Lavrent'ev MM, Romanov VG. Ill-posed problems of mathematical physics and analysis: Nauka; 1980.  
